Advances in a new slurry-free diamond fixed abrasive technology developed by 3M for lapping of brittle substrates are reviewed. Results on brittle substrates such as glass, ceramics, CaF 2 , ZnSe, SiC, and sapphire are presented.
Introduction
Lapping is an important dimensioning and finishing technology that is used in many different industries including metal, electronic, and optical component fabrication, as well as silicon wafer production. In each of these applications lapping is used to produce flat substrates of a controlled thickness, flatness, and surface roughness. Flat lapping can be performed in either a single-sided or double-sided operation [1] . Conventional lapping technology can be divided into two basic categories: loose abrasive grinding (slurry lapping) or fixed abrasive lapping. In slurry lapping the abrasive is in the form of an aqueous slurry of abrasive minerals (typically alumina, diamond, or silicon carbide) and the lapping surface is the machine platen (typically cast iron) [1] . Conventional fixed abrasive lapping is also called "pellet lapping. In this process the abrasive (typically diamond) is incorporated into small pellets (metal, vitreous, or resin bond), which are attached to cast iron machine platens. The lapping surface during pellet lapping is formed by the top surfaces of all of the pellets. Here we report on a structured abrasive lapping technology developed by 3M. The structured abrasive pad consists of an organic (polymeric binder) -inorganic (abrasive mineral, i.e., diamond) composite and is used with coolant. Typical lapping/machining coolants are used as lubricants without the addition of any free abrasive mineral. Table 1 shows a comparison between conventional loose abrasive, pellet, and 3M fixed abrasive lapping technology. 
Experimental Methods and Materials
The 3M™ Trizact™ Diamond Tile pads are produced using 3M's microreplication technology which has been used to produce a wide variety of innovative products including Frensel lenses for overhead projectors, retroreflective sheeting for road signage, brightness enhancement film for notebook computers, and 3M Trizact fixed abrasives. The 3M Trizact Diamond Tile pad materials are an organic -inorganic composite consisting of vitreous bonded diamond agglomerates contained in a cross-linked resin matrix. The pad surface has been engineered to provide optimum bearing area (controlled pad -substrate contact) and coolant flow channels (efficient removal of lapping swarf). Diamond grades (micron sizes of diamond) 3, 6, and 9 micron are currently available. The micron grade is chosen based on the hardness of the substrate to be lapped along with the desired removal rate and surface finish A picture of the 3M Trizact Diamond Tile fixed abrasive pad is shown in Fig. 1 . Both single and double-sided lapping tests were performed. 3M Trizact Diamond Tile pads were mounted to the machine plates using a Pressure Sensitive Adhesive (PSA) that is provided on the backside of each pad. Preconditioning of 3M Trizact Diamond Tile pads is not necessary for most medium-to-medium hard glass and ceramic substrates including most optical glasses, fused quartz, and glass ceramics. Initial conditioning of new 3M Trizact Diamond Tile pads may be required for harder substrates such as semiconductor and compound semiconductor substrates (Si, InGaAs, GaAs, InP), sapphire, SiC, alumina, and thin crystalline quartz (piezoelectric applications). For results reported in this paper, conditioning of 3M Trizact Diamond Tile was accomplished by applying 3M Trizact 268XA alumina abrasive pads to solid part carriers and running under normal lapping conditions for 5-15 minutes for double sided lapping. Conditioning for single sided lapping tests was accomplished by running a soft glass (Borofloat™) for 10 minutes. An aqueous lubricant/coolant is recommended for use with all 3M Trizact Diamond Tile products. However, for some substrates (Si for example) de-ionized (DI) water also works as a coolant. Recycling/re-use of coolants was not performed for this study, but is commonly done in larger operations. Because there is very little abrasive in the used coolant, simple filtering and handling techniques can allow the coolant to be used for several weeks. Doulbe sided lapping tests were performed on a Peter Wolters AC 500 and single sided lapping tests were performed on a Buehler Phoenix 4000 lapping machine. Specific running conditions will be noted with each data set. Material removal rates were calculated by measuring the substrate weight loss after lapping. Surface finish was measured by contact profilometry using a Tencor P2 Long Scan Profilometer (average of four 1.1 mm scans, 0.25 µm tip radius,& 250 µm cut off). Sub-Surface damage of glass substrates was measured by conducting a series of sequential polishes (1 um ceria slurry on Rodel Politex Supreme ™ pad) & surface roughness measurements using a 0.25 um tip radius and an 8 um cut off. The depth at which the Rt stabilizes is taken as an estimate of SSD.
Results and Discussion
Double-sided lapping tests were performed on the following glass substrates sold under trade-names: Borofloat™, BK7, Pyrex™, and window glass (soda-lime float glass) using 3, 6, & 9 micron 3M Trizact Diamond Tile pads. Table 2 shows the average removal rate and surface roughness for each abrasive / substrate combination. As expected the roughness increases with the diamond grade (size) of abrasive used. Although part flatness is a strong function of machine conditions and part size, flatness values of ½ wave are readily obtainable for small (3" or 75 mm) parts and flatness values of 3 -5 um obtainable for large (12" or 300 mm) parts. Table 4 shows data generated using the 9 micron grade at 5 psi, 100 rpm substrate, 180 rpm platen (12"), with a flow rate of 30 ml/min of 10% Sabrelube™ 9016 lubricant. Data on other brittle substrates such as single crystal SiC, sapphire, AlTiC, and ALON is currently being generated and was not available at the time this manuscript was submitted. 
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